Abstract--Due to global competition and rapid technological advancement, foresight has become an important method of formulating technological policies. Consensus forming is one of the benefits of the foresight procedure as it allows the society to effectively understand a technology's characteristics during its initial developmental stage. Also, foresight effectively guides the development of a technology, eliminating the dilemma of being unable to manage the technology's future influences. Focusing on consensus forming, this study analyzes foresight through different stages: a macro model that focuses on consensus forming has been proposed in this study in order for us to understand the influence of different factors on foresight planning. The content of consensus forming may include areas such as the possible future, the beneficial future, the preferable future, the current action plan, and its development and promotion. Collingridge's dilemma theory tries to depict that it is difficult to manage a technology's future influences. Unless a technology or an innovation has been widely used, we would not be able to understand its influence and effect. A technology that has already developed and matured is already tightly connected with a society, leaving fewer possibilities for changes. In other words, the future management of technological development involves the problems of information and authority. The problem with information is that unless a technology has been widely developed and utilized, its influence would be difficult to be predicted. The problem of authority is that after a technology has developed, it would be difficult to control or change its course of development [14] .
I. FOREWORD
Since the 1990s, the rapid advancement of technology and globalization have brought forth great impact upon different nations' economic development. National policies, especial technological policies, no longer adopt a passive style of management but an active method of planning for the sake of better resource utilization [6] [11] [16] .
Martin and Johnston [10] believe that there are three major forces that put foresight once again under the spotlight in the 1990s and make it accepted by different nations: (1) Collingridge's dilemma theory tries to depict that it is difficult to manage a technology's future influences. Unless a technology or an innovation has been widely used, we would not be able to understand its influence and effect. A technology that has already developed and matured is already tightly connected with a society, leaving fewer possibilities for changes. In other words, the future management of technological development involves the problems of information and authority. The problem with information is that unless a technology has been widely developed and utilized, its influence would be difficult to be predicted. The problem of authority is that after a technology has developed, it would be difficult to control or change its course of development [14] . David Collingridge has proposed that in order to solve this dilemma, we should develop a technology that is highly flexible and can be applied in different ways. He proposes that a technological development should quickly adapt to a society and the subscribers' different demands. However, developing this kind of technology in the actual world is very difficult since the cost of technological development and the target-oriented characteristic of innovation have reduced the flexibility of a technology in its development.
Schot [15] believes that in order to solve this problem, we need to be able to make predictions more frequently and as early as possible. A process of technological development should allow continuous learning and adjusting in order to create greater experimental flexibility. Collingridge's dilemma theory points out the serious inefficiency of the early warning effect in technological management. Since there is no sufficient knowledge and authority that can change the direction of technological development, the only thing our society can do is to improve its responsive capability [4] .
Therefore, in order to solve this dilemma, the entire society needs to establish an effective understanding of a technology's future development. During the early stage of a technological development when the society and the R&D group still enjoy intimate interactions, we would see better results in influencing the ultimate direction of a technological development since the effects of social influence would begin to take place while there is still a high degree of flexibility in the technological development.
Agrafiotis et al. [1] has pointed out that if the society can establish an effective understanding of a technology's future directions during its earlier developmental stage, the development of this technology can be effectively guided, solving the previously mentioned dilemma. Gow [5] points out that in order to respond to the challenges brought forth by this dilemma, actions in three aspects need to be conducted simultaneously: analytical, political, and normative. Analytical actions refer to understanding the dynamic of a technological development in a complicated environment and the momentum, method, and motive behind it. Political actions refer to understanding the composition, participation, and intervention of the stakeholders in order to ensure that all appropriate perspectives have been taken into consideration. Normative actions refer to considering social values and cultural habits and their changes when a decision is suitable for a society.
II. DIFFERENT TYPES OF FORESIGHT MODELS
Since the 1950s (after WWII), the U.S. has started using the method of foresight as a supplement in the decision making process for the government's technological R&D system [8] . Japan has also adopted the Delphi Method since the 1970s in order to conduct an estimation of the trend of technological development once every 5 years [12] .
However, since the technique itself had low continuity, the process of making predictions of a given technology sees many limitations. Moreover, important technological developments are often the results of the integration and international exchange of each domain's own advancement. Using the prediction of a single technology as a basis for formulating policies often yields unsatisfactory results.
Therefore, since the mid-1980s, more and more people have proposed the idea of replacing "technological predictions" with making "technological foresights" [7] . Technological foresight does not focus on technologies but the perspective of "satisfying human needs" and future demands. Through a systematic process, it studies our future technological, social, and economic changes, and the results can be used for making decisions regarding technological policies or management.
Although during the operational process, the analytical methods used in making foresights are mostly derived from the methods of making technological predictions. However, the purpose of "foresight" is to be more systematic, more user-oriented, and more influential than technological predictions, rather than for understanding the technical changes in a single domain.
We can understand what foresight really is through the models proposed by different scholars. Using Gow's perspective [5] , foresight models can be put into four categories: macro, analytical, political, and normative.
A. Macro Aspect
The foresight model of the macro aspect that explains the overall foresight activity helps us understand the orientation and content of foresight. In the following models, the "future cone"l explains the temporal features of foresight (long-term perspective). The "foresight triangle" explains the three important elements in the foresight activity as well as their combinations. The "integrated foresight model" explains the levels and contents in the foresight study.
(1) Future Cone Proposed by Voros [19] , the future cone (see Fig. 1 Tegart [17] has identified the factors that influence foresight as the "demand-pull" and the "science/technology-push" (see Fig. 4 ). The "science/technology-push" includes scientific and technological strengths and resource and opportunities. The "demand-pull" includes the economic, social, and environmental needs and resources. This model shows that a foresight simultaneously integrates social demands and technical supplies and looks for a junction where different perspectives can be satisfied.
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The method of "future analysis" proposed by Porter et al. [13] [19] explains the analytical process and common methods in the foresight process (see Fig. 5 ). Foresight is about looking into the future and making a systematic observation for the sake of shaping a better future. Foresight is not limited to a single future; there can be many choices, but only one of them will happen based on the actions we take now. Technical foresight is about choosing the future we want and investing in the needed resources.
Based on these ideas, we have organized different foresight models and proposed a Foresight Integration Model that is focused on consensus forming. This model can be used for the planning and analysis of consensus forming that takes place in foresight activity. This framework has integrated analytical behaviors, political behaviors, and normative behaviors, and is an integrative framework that focuses on stakeholders' participation and consensus forming (see Fig.  6 ). This model is a continuous procedure that begins with a certain topic. Foresight is a topic-oriented or problem-oriented activity, and the foresight procedure only begins when stakeholders participate. The possible starting points of the foresight procedure may be the emphasis on innovation and creativity, expertise or analysis, or the combination of the first two. During the process, different groups go through discussions, analysis, and interactions before they finally reach a consensus regarding the good (preferred) future and interpersonal network. They then put the conclusion of foresight into action until new topics come up. The bottom half of the diagram is the feedback procedure, in which new topics are compared with the good (preferred) future goals. This cycle continues to go on, and the groups that continue to adjust their actions establish new consensus and norms, allowing a bright future to materialize.
Foresight analysis can be conducted from different angles. One is from an expert and analytical angle, in which data, models, and experts' opinions are used to estimate the future. The extreme end is the establishment of a model of future simulation which requires great expertise and analysis. Another angle is one from creativity and innovation, in which normative thinking or group discussions are used to discuss the future possibilities. The most extreme example is science fiction. Foresight can be initiated from either angle or from both angles. Using different methods, the process may not be a straight line; it may be a curved line in which stakeholders' consensus and network are reached via discussions.
To the researchers: This includes researchers in the field of policies or others. This model focuses on the interactions between stakeholders in the foresight process, consensus forming, and the network for pursuing the common goals. This model helps researchers analyze the less talked about political and normative aspects from a systematic perspective. Moreover, this model introduces different methods into the foresight process that facilitate the development of more practical tools for planning and solve the difficulties in planning caused by multiple methods.
